The alteration of the bulk electronic structure of nanosized materials causes change in the total energy of the system, so that, ignoring entropy considerations, it will thermodynamically stabilize the reduced scale system relative to that of normal bulk crystals. Such alterations may change the most energetically stable form of a particular material, as when small nanoparticles or nanodimensional layers adopt a crystal structure different from that of the normal bulk material. The surface area to volume ratio (S/V) and the specific surface area of a system are inversely proportional to particle size. Both S/V and specific surface area increase drastically for particles less than 100 nm in diameter. Reduction of the system size may change the chemical reactivity and physical properties such as electrical, thermal, optical and magnetic characteristics [1, 2] .
MgO is an exceptionally important material, which used in catalyst, toxic-waste remediation agent, or as an additive in refractory, paint as well as for fundamental and application studies [23] . Ultra-fine metal oxide particles can be used as bactericide, adsorbent, and catalyst. MgO in particular has shown great promising application as a destructive adsorbent for toxic chemical agent [24] . This paper presented an ultrasonic route for preparing MgO nano-particles. Effect factors on MgO nano-particle size were investigated. It is a good method to prepare nano-MgO.
Experimental details

Materials
Mg (CH 3 COO) 2 . 2H 2 O (Mallinkrodt baker inc, ACS); Sodium hydroxide (BMD chemicals inc, ACS); Other reagents were gotten from local supplies.
Preparation of MgO nano-particles
Mg (CH 3 COO) 2 . 2H 2 O was dissolved in ethanol solution. Then NaOH solution was titrated into the above solution under ultrasound. After it being sonicated about 20 min, the transparent solution could be gotten. All organic substances were removed by reduced distillation. Then it was dried at 50 °C for about 1.5 h under vacuum condition. Finally, MgO nano-particles with different sizes could be obtained through calcining.
Analysis Methods
TGA measurements were carried out using Netzsch STA 409 Apparatus; The size and Particle size distribution in ethanol was recorded on Submicron Particle Sizer (NICOMP 370, USA); TEM photomicrographs were obtained using Philips 201 Transmission Electron Microscope. The pictures were taken at 80 kV. The deposit was scraped away from the support and then transferred to the Fromvar 1595 E (Merck) membrane coated Cu grid (mesh 400); Rigaku Geiferflex X-ray diffractometer with Ni-filtered Cu Ka radiation (40 kV, 30 mA) was used to determine the crystallinity and phase of the samples.
Results and Discussion
TGA study of the intermediate Figure 1 . TGA of Mg(OH) 2 -Conditions: hold for 1 min at 50 °C; heat from 50 °C to 1000 °C at the rate 10 °C/min; hold for 1 h at 1000 °C.
Decomposition temperatures are different for different intermediates. Decomposition temperature of the same intermediates is relative to the precursors [25] [26] [27] (Fig. 1) , we could know the sample was MgO. MgO nano-particles could be gotten at 410 °C through calcining of the intermediate in our paper. The calcinations temperature was lower than the results reported by Wu Shan [27] . Ethanol mediated magnesium intermediate showed a weight loss in two steps at 80 and 410 °C, respectively. The corresponding DTA showed endothermic peaks at 80 °C was due to removal of ethanol from magnesium intermediate. The DTA peak at 410 °C was due to the decomposition of magnesium intermediate to form MgO. Using TGA data, magnesium intermediate obtained was decomposed at 410 °C.
Effect of factors on MgO nano-particle size
Effect of NaOH concentration on the size
For precipitant method, the ratio (the nucleant rate: the crystal growth rate) is increased with the increasing of reactant concentration when reactant concentration is at certain concentration scope. Nano-particle size turns smaller along with the increasing of reactant concentration at this concentration scope too. When the reactant concentration oversteps this certain concentration, although the nucleant rate is very fast, it is easy to get big size nano-particle due to high particle density, high impact probability and the serious aggregation of particles. So with the increasing of reactant concentration, the trend of particle size is decreased first, and then increased [28] . When the ultrasound is introduced into this method, the nucleant rate is further increased [29] [30] [31] [32] . Vast amount of micro air bubble is formed due to ultrasonic cavitate. These micro air bubbles can disturb the ordered crystal sequence. It will affect the crystal growing further. Shock wave with high pressure and micro-emission fluid produced by ultrasonic cavitate, can bring comminution and emulsification, stir, and others mechanical influences. It can effectively prevent the crystal growth and aggregation. This influence makes the nucleant rate far higher than precipitant method's. The small size nano-particle with uniform size distribution is easy to be obtained [30] [31] [32] [33] . However, this influence is relative to super-saturation solution. If the super-saturation degree is low, it can be effective. If the super-saturation degree is high, the crystal growth rate is too fast. The ultrasound has little effect on the crystal growth rate. But the mechanical influence produced by ultrasonic cavitate can prevent the crystal growing. When super-saturation is increased further, both have little influence on the crystal growth rate. This phenomenon is the same with general precipitant method [34] . From Fig.2 , we could know the smallest size was about 5 nm when NaOH concentration was 0.48 mol/L. From Figure 3 , the size was similar when titration rate of NaOH was below 0.25 mL/min. With the decrease of titration rate, the size of nanoparticles became smaller. The concentration of nano-particles was low. And vast amount of crystal were formed due to ultrasonic cavitate. At the same time, the mechanical influence produced by ultrasonic cavitate such as comminution, emulsification, stir, and others, was increased with prolonging of titration rate. Thus, it could prevent the nanoparticle growing and aggregating.
Effect of titration rate of NaOH on the size
Effect of ultrasonic time on the size
The mechanical influence produced by ultrasonic cavitate such as comminution, emulsification, stir, and others, could prevent the crystal growth and aggregation. But when the ultrasonic time was too long, shock wave with high pressure, micro-emission fluid and "Brown phenomenon" of nano-particle itself could make nano-particles aggregated. The longer the ultrasonic time was, the more serious the aggregation was. From Fig.4 , the optimal ultrasonic time was about 20 min. 
Effect of ultrasonic power on the size
From Figure 5 , we could know when ultrasonic power was low (about 250 w), the influence on the size was little. With the increasing of power, the temperature of the system was increased. The adverse effect of ultrasonic power on nano-particles nucleation, growth and formation appeared. The big size nano-particle was easy to obtain. So the optimized ultrasonic power was 250 W.
Effect of calcinations temperature and calcinations time on the size
Calcinations techniques are crucial to get nano-MgO with small size and high surface area. When calcinations temperature is low, the intermediate might not be decomposed completely. It must prolong calcinations time to make the intermediate decomposed. Different size crystal has different vapour pressure. Vapour pressure of small size crystal is high. And vapour pressure of big size crystal is low. So the process that small size crystal turn into big size crystal will happen automatically. The process (small size crystal is disappeared and big size crystal grow bigger than before) proceeds very quickly, especially at high temperature. With the calcinations time being prolonged, the process will be achieved completely. Because the crystal exists for a long time at high calcinations temperature, the crystal size is easy to become bigger. Thus, nano-particles with big size and wide size distribution can be gotten. For the same reason, although the intermediate can be completely decomposed quickly at high calcinations temperature, nano-particle with big size is easy to be obtained due to aggregation. So, in order to get nano-particle having small size and high surface area, calcinations temperature should not be too high and calcinations time should not be too long.
Effect of calcinations temperature and calcinations time on the size was presented in Fig. 6 and Fig. 7 . From Fig. 6 , we could know the size of nano-MgO was increased with the increase of calcinations temperature. For nano-MgO, the smallest size was 4 nm. The size was increased to about 16 nm when calcinations temperature was increased to 700 °C. From Fig. 7 , with increase of calcinations time (more than 1.5 h), the size of nano-MgO was increased too. When calcinations time reached 3.0 h, the size was about 18 nm. When calcinations time was below 1.5 h, nano-MgO with big size could be obtained. The reason might be the intermediate was not decomposed completely. Thus, through controlling calcinations temperature and calcinations time, nano-MgO with different sizes could be obtained. In order to get smaller size particles, Calcinations temperature was about 410 °C and calcinations time was 1.5 h. 
Effect of heating rate of calcinations on the size
Heating rate of calcinations can affect nanoparticle size. When heating rate of calcinations is very fast, big size nano-MgO aggregation is easy to be gotten due to urgent collapse of the intermediate. When heating rate of calcinations is low, nanoMgO may exist for a long time at high calcinations temperature. What's more, it will decrease production efficiency. So, optimized heating rate of calcinations must exist. Effect of heating rate of calcinations on the size of nano-MgO was presented in Fig.   8 . From Fig. 8 , we could know that heating rate of calcinations had little effect on the size. With the increased heating rate, the size of nano-MgO was decreased. When heating rate was in the range of 5-10 °C/min, the size nearly did not change. Thus, Optimized heating rate was 5-10 °C/min.
The sizes distribution was presented in Fig.9. From Fig.9 , the sizes distribution was narrow. Nano-MgO size was between 12 nm and 18 nm. The distribution was consistent with XRD result. 
Structural and Morphologies characterizations of nano-MgO
TEM of MgO nano-particles were illustrated in Fig.10. From Fig.10 , MgO nano-particles could be dispersed very well in ethanol. Few aggregate could be found. MgO powder appeared with an average particle size about 14 nm. The result matched with the particle sizes distribution. The particles were regular and spherical in shape.
The structure of nano-MgO was first characterized by XRD (Fig.11) . All peaks were consistent with the peaks of standard MgO. XRD patterns of Fig.11 showed broadening of the peaks indicative of the ultra fine nature of the crystallite. The crystallite size calculated using Scherrer's formula was about 4 nm. No peaks from any other phases of MgO were observed.
Conclusions
MgO nano-particles were prepared by sonication method using Mg (CH 3 COO) 2 .2H 2 O as precursor, NaOH aqueous solution as precipitant. Through experiments research, the size of nano-MgO about 4 nm could be obtained under the following conditions (ultrasonic time 20 min, ultrasonic power 250 W, titration rate of NaOH 0.25 mL/min, NaOH concentration 0.48 mol/L, calcinations temperature 410 °C, calcination time 1.5 h, heating rate of calcination 5 °C/min). It was simple and effective method to prepare MgO nano-particles. 
